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REPORT BRIEF 
6. O AMPERE-HOUR I?IcxEL-CADMIuM 

SECOIUDARY SPACECRAFT CELLS 
WITR SIGNAL AND RECOMBINATION EIiEXXCRODES 
MANUFACTURED BY GEmERAL EIJ3CTRIC CoMPAmy 

Ref: ( a )  NASA Purchase Order Wl2,397 
(b) NAD Crane Tes t  Procedure 3052-Tp 304, Rev A 

I. TEST ASSIGmMENT BRIEF 

A. The purpose of t h i s  acceptance test  i s  t o  provide a '%base l ine"  
reference, pr ior  t o  l i f e  cycling, f o r  new ce l l s .  
screening against c e l l s  t ka t  a re  obviously bad due t o  in te rna l  shorts 
or gross leakage. 
dimensions, e lectrolyte  leakage, c e l l  capacity, in te rna l  shorts,  a b i l i t y  
t o  withstand long periods of overcharge, and in te rna l  resistance measure- 
ments. A l l  ce l l s  complete the en t i r e  se r ies  of tests. Cells are removed 
from individual segments of the t e s t  only i f  pressure or voltage l i m i t s  
are reached and c e l l  damage would resu l t  fran further  tes t ing  during tha t  
s egmen t . 

It also provides a 

The reference i s  provided with regard t o  physical 

B. The 25 ce l l s  were purchased from General Electr ic  Ccmpany of 
Gainesville, Florida by the National Aeronautics and Space Administration 
(NASA). 
In  addition t o  the posit ive and negative terminals, they have a signal 
electrode and a recombination electrode. Testing on these c e l l s  was 
funded i n  accordance with reference (a). 

These ce l l s  were rated a t  6.0 ampere-hours by the manufacturer. 

11. SUMMARY OF RESuLrpS 

A. The overall  averages for the  three capacity checks were respec- 
t ive ly ,  7.26, 7.01 and 6.82 ampere-hours. 

B. The c e l l s  averaged 1.218 vol t s  a f t e r  24 hours of open c i r cu i t  
during which they recovered from a dead short. 
t ha t  no in te rna l  shorts existed. 

These resu l t s  indicate 

C. Five of the 25 c e l l s  had t o  be removed from the  c/10 overcharge 
due t o  high c e l l  voltage. 
5 t o  14 hours (see Table I). 

The time-on-charge a t  t h i s  r a t e  varied from 

' D. 
s ignal  electrodes, and the recombination electrodes. The average res i s -  
tances are:  c e l l ,  2.85 milliohms; signal electrode, 52.0 milliohms; and 
recombination electrode, 71.2 milliohms. 

Internal  resistance was measured across the  c e l l  terminals, the 
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E. Eleven 0: the  25 ce l l s  shuwed electrolyte  leakage during one or 
more of the three leak t e s t s .  
Table I. 

A summary of these t e s t s  i s  found i n  
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RESULTS OF ACCEPTANCE TESTS 
OF 

6.0 AMPERE-HOUR NICKEL-CACIMIUM 
SECONDARY SPACECRAFT CELLS 

WITH SIGNAL AN3 RECOMBlNATION ELECTRODES 
MANUFACTURED BY GENERAL ELECTRIC COMPANY 

I. INTRODUCTION 

A. On 2 December 1970, testing was begun on 25 cells in accordance 
with reference (b). 
Table I summarizes the results. 

These tests were completed on 19 January 1971. 

11. TEST CONDITIONS 

A. A l l  acceptance tests were performed at an ambient temperature 
between 23" C and 27" C at existing relative humidity and atmospheric 
pressure, and consisted of the following: 

1. Physical measurement. 

. 2. Three capacity tests. 

3. Cell short test. 

4. Overcharge tests at c/20 and c/10. 

5. Internal resistance tests of cell, signal electrode and 
recombination electrode. 

6. Three leak tests: initial, after capacity tests, and after 
overcharge tests. 

B. Appendix I gives the details of the test procedure. 

111. CELL IDENTIFICATION AND DESCRIPTION 

A. The cells were identified by the manufacturer's catalog number, 
42B006AB29. 
serial numbers. 
dimensions and cell weights. 

They were placed into packs according to the manufacturer's 
Table I1 lists these numbers along with the physical 



B. These ce l l s  are rectangular with a s ta in less  s t e e l  c e l l  cover 
and container. 
ceramic seals and protrude through the cover as solder type terminals. 
The s ignal  electrode, which i s  used fo r  charge control, is welded t o  a 
wire tha t  protrudes through a hole in  the  c e l l  cover. 
potted t o  sea l  the ce l l .  The recombination electrode i s  welded t o  the  
inside of the container, and i t s  terminal i s  a stainless  steel tab 
welded t o  the outside. 

Both terminals a r e  insulated from the  c e l l  cover by 

This hole i s  

IY. RESWPS--The following data was condensed from Table I. 

A .  Capacity Tests:  

1. The capacities of a11 25 ce l l s  exceeded the manufacturer's 
rated capacity--ranging from 6.40 t o  7.59 ampere-hours. The average 
capacity fo r  the three respective capacity tests were 7.26, 7.01 and 
6.82 ampere-hours. 

B. Cell Short T e s t :  

1. All c e l l s  indicated they were f ree  of in te rna l  shorts by 
recovering, i n  excess of 1.150 volts ,  during a 24-hour open c i r cu i t  
period following a dead short across the  terminals. 
voltages ranged from 1.171 t o  1.228 volts,  averaging 1.218 vol ts .  

The open c i r cu i t  

C. Overcharge Test: 

1. Five c e l l s  had t o  be removed from the  c/10 overcharge due 
c e l l  voltage--exceeding 1.500 volts.  The time-on-charge a t  
r a t e  varied from 5 t o  1 4  hours for these f ive  cells.  

D. Internal  Resistance: 

1. Internal  resistance wgts measured across the c e l l  terminals, 
across the s ignal  electrode (from signal electrode terminal t o  negative 
terminal), and across the recombination electrode (from recombination 
electrode terminal t o  negative terminal).  AI.^ values were consistent 
for a given s e t  of measurements. The resistances across the c e l l  
terminals ranged from 2.67 t o  3.21 milliohms, averaging 2.85 milliohms. 
The resistances across the signal electrodes ranged from 43.0 t o  68.0 
milliohms, averaging 52.0 milliohms. The resistances across the recom- 
bination electrodes ranged from 47.5 t o  122.0 milliohms, averaging 71.2 
m i  lli ohms. 

E. Leak Tests: 

1. Eleven of the 25 c e l l s  showed electrolyte  leakage during 
The leakage was more prevalent . one or more of the three leak t e s t s .  

2 
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around the poalfive terminal ana the elgnal electrode terminal. Noat 
leakage wa6 a l i g h t  and diecavlQred Pollawing the C6paCity teats and/or 
the avercharge teats, I 
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APPENDIX I 
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I. TEST PROCEDm 

A. Phenolphthalein Leak Test : 

1. The phenolphthalein leka t e s t  i s  a determination of the  
condition of t he  welds and ceramic sea ls  on receipt  of the ce l l s .  
This test  was performed p r io r  t o  any other t e s t s ,  with a phenolphtha- 
l e i n  spray indicator  solution of one-half of one percent concentration. 

€3. Capacity Tests: 

1. The capacity test  i s  a determination of the  c e l l  capacity 
a t  the c/2 discharge ra te ,  where c i s  the  manufacturer's rated capacity 
t o  a cutoff voltage of 1.00 vol t  per c e l l .  The discharge was made 
a f t e r  a 1-hour open c i r c u i t  period following the 16-hour charge a t  the  
c/10 rate .  
The c e l l s  were discharged individually, but were recharged i n  ser ies .  

A t o t a l  of three capacity checks was made a t  t h i s  ac t iv i ty .  

2. The s ignal  electrodes were loaded Vith 330-ohm res i s to r s  
and the  recombination electrodes were loaded with 2.2-ohm res i s tors .  
These re s i s to r s  were in s t a l l ed  pr ior  t o  the s ta r t  of the  capacity checks 
and remained throughout , the  test. 

C. Cel l  Short Test: 

1. The c e l l  short  test  i s  a means of detecting s l igh t  shorting 
conditions which may exist because of imperfections i n  the insulat ing 
materials,  or damage t o  element i n  handling or assembly. 

2. Followiqg completion of t he  th i rd  capacity discharge t e s t ,  
each c e l l  was loaded with a Oe5-ohm, 3-watt r e s i s t o r  and allowed t o  
stand 16 hours with t h e  r e s i s t o r  acting as a shorting device. A t  t h e  
end of 16 hours, the  r e s i s to r s  were removed and the c e l l s  were placed 
on open c i r c u i t  stand fo r  24 hourg. 
recover t o  1.15 vo l t s  or higher w a s  considered as f a i l i n g  t h i s  portion 
of the acceptance t e s t  e 

Any c e l l  whose voltage did not 

D. Leak Test: 

1. The leak t e s t  i s  a means of detecting leakage of a s e a l  or 
weld. 
sequence t o  determine the presence of leaks. 

The t e s t  was performed before and a f t e r  t h e  overcharge t e s t  

2. The c e l l s  were placed i n  a vacuum chamber and exposed t o  a 
vacuum of 40 microns of mercury or l e s s  f o r  24 hours. 
then removed from t he  vacuum chamber and sprayed with phenolphthalein. 
Fa in t ly  pink areas  were designed as s l igh t  leakers. Darker, more 
obvious, discolorations of pink or red were noted as de f in i t e  leakers. 

The c e l l s  were 

9 



E. Overcharge Test: 

1. The purpose of t h i s  t e s t  i s  basical ly  twofold: 

a. To determine the degree t o  which a pack of ce l l s  main- 
t a i n  a balanced voltage. 

b. To determine the ce l l s  capabili ty of reaching a point 
of chemical equilibrium--oxygen recombination with the recombination 
electrode t o  control pressure. 

2. The overcharge tests were performed t o  determine the steady 
s t a t e  voltage a t  specified rates .  The t e s t  specified a series of con- 
s tant  current charges a t  c/10, c/20 and c/10 for a minimum of 16 hours 
a t  each charge rate. The f irst  c/10 r a t e  serves t o  establish a condi- 
t ion  of overcharge. 

3. "he ce l l s  were monitored hourly throughout the  t e s t .  
Charging was t o  be discontinued on ce l l s  which exceeded 1.50 volts.  

F. Internal  Resistance Test: 

1. Immediately following the overcharge t e s t ,  the  in te rna l  
resistance was measured across the c e l l  terminals, across the s ignal  
electrode (from signal  electrode terminal t o  negative terminal), and 
across the recombination electrode (from recombination electrode 
terminal t o  negative terminal). 
Hewlett-Packard milliohmmeter (Model 4328A). 

The measurements were made with a 

G. Leak Test: 

1. Following the  in te rna l  resistance measurements, the c e l l s  
were s t i l l  i n  a charged s ta te .  The cells were discharged a t  c/2 t o  
0.00 vol t  and shorted pr ior  t o  the f i n a l  leak test. The shorted ce l l s  
were then placed i n  a vacuum chamber and the procedure described i n  
paragraph I.D.2. w a s  repeated. 

10 
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